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Abstract
We have studied usefulness of thermochrormic materials for improvements of thermal 
conditions of buildings and urban areas by using computer simulation. The dependences of 
temperatures and sensible heat flow at a roof and a ceiling on the solar reflectance of the roof 
were calculated. From the results, characteristics of the thermochromic materials necessary to 
improve the thermal conditions are discussed. It has been pointed out that vanadium dioxide 
is one of promising thermchoromic materials because it shows metal-insulator transitions 
with a critical temperature in the vicinity of room temperature, which may lead to large 
changes in solar reflectivity as a function of the temperature. We estimated the temperature 
dependence of the solar reflectance of vanadium dioxide by using data in previous literatures, 
and found that it is unsuitable for the improvements of the thermal conditions. 
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㸯ࡣࡌࡵ࡟
 ㏆ᖺࠊ㒔ᕷࡢẼ ࡀୖ᪼ࡋ࡚࠸ࡿࠋࣄ࣮ࢺ࢔࢖ࣛࣥࢻ⌧㇟ࡸ⇕ᖏኪቑຍࡢཎᅉࡢ୍ࡘ࡜ࡋ࡚ࠊ㒔ᕷࡀࢥࣥ
ࢡ࣮ࣜࢺࡸ࢔ࢫࣇ࢓ࣝࢺ࡞࡝ࡢ⇕ᐜ㔞ࡢ኱ࡁ࠸ᮦᩱ࡛そࢃࢀ࡚࠸ࡿࡇ࡜ࡀ࠶ࡿࠋ᫨㛫ࡢ᪥ᑕ⇕ࡸேᕤ᤼⇕࡟
ࡼࡾ㒔ᕷ࡟⇕ࡀ⵳✚ࡉࢀࠊ⇕ᖏኪࡸࣄ࣮ࢺ࢔࢖ࣛࣥࢻࢆᘬࡁ㉳ࡇࡋ࡚࠸ࡿࠋࡑࢀࡽࢆᢚไࡍࡿᡭἲ࡜ࡋ࡚ࠊ
ᘓ⠏≀࡟᪥ᑕ཯ᑕ⋡ࡀ㧗࠸㧗཯ᑕ⋡ሬᩱࢆሬᕸࡍࡿ᪉ἲࡀ࠶ࡿ(1)ࠋ 
 㧗཯ᑕ⋡ሬᩱࢆ㐺⏝ࡍࡿࡇ࡜ࡣࠊኟࡢࣄ࣮ࢺ࢔࢖ࣛࣥࢻᑐ⟇࡜᩿⇕ࡀ୙༑ศ࡞ሙྜࡢ┬࢚ࢿࣝࢠ࣮࡟ຠ
ᯝⓗ࡛࠶ࡿࡀࠊ෤࡟ࡣᬮᡣ㈇Ⲵࡀ኱ࡁࡃ࡞ࡿࠋࡑࡇ࡛ࠊኟ࡟ࡣ཯ᑕ⋡ࡀ㧗ࡃࠊ෤࡟ࡣ཯ᑕ⋡ࡀప࠸ࢧ࣮
ࣔࢡ࣑ࣟࢵࢡᮦᩱࢆ㐺⏝ࡍࡿࡇ࡜࡛෭ᬮᡣ㈇Ⲵࢆ๐ῶࡋࠊ┬࢚ࢿࣝࢠ࣮ຠᯝࢆ㧗ࡵࠊ ⇕ⓗ࡟ᛌ㐺࡞⎔ቃ
ࢆࡘࡃࡿࡇ࡜ࡀ⪃࠼ࡽࢀࡿࠋ 
 ࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡢᘓ⠏≀࡬ࡢᛂ⏝ࡣࡇࢀࡲ࡛࡟ᥦ᱌ࡣࡉࢀ࡚࠸ࡓ(2)ࠋࡋ࠿ࡋ࡞ࡀࡽࠊࡇࢀࡲ࡛ࡣࢧ
࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡢస〇࡜ࡑࡢ≉ᛶ࡟㛵ࡍࡿሗ࿌ࡋ࠿࡞ࡃࠊᘓ⠏≀࡟㐺⏝ࡋࡓሙྜࡢຠᯝࡣᐃ㔞ⓗ࡟㆟ㄽ
ࡉࢀ࡚࠸࡞࠿ࡗࡓࠋࡑࡇ࡛ᮏ◊✲࡛ࡣࠊᐇ㝿ࡢᘓ⠏≀ࡢᒇୖ࡟ࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࢆ⏝࠸ࡓሙྜࡢ⾲㠃 
ᗘཬࡧ㈏ὶ⇕ὶࢆ⇕཰ᨭィ⟬࡟ࡼࡗ࡚ㄪ࡭ࡓࠋࡇࢀ࡟ࡼࡾᚲせ࡜࡞ࡿࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡢ᪥ᑕ཯ᑕ⋡ࡢ
 ᗘ≉ᛶࢆ᫂ࡽ࠿࡟ࡋࡓࠋᮦᩱྜᡂཬࡧ≀ᛶࡢศ㔝࡛ࡣ཯ᑕ⋡ࢆ㆟ㄽࡍࡿሙྜ୍ࠊ ⯡࡟ศග཯ᑕ⋡ࡀ⏝࠸ࡽ
ࢀࡿࡀࠊᮏ◊✲࡛ࡣ┬࢚ࢿࣝࢠ࣮ຠᯝࡸ ⇕ⓗ⎔ቃࢆၥ㢟࡟ࡍࡿࡓࡵࠊศග཯ᑕ⋡࡟ኴ㝧ගᨺᑕᙉᗘࢆ஌ࡌ
ࡓ᪥ᑕ཯ᑕ⋡ࢆྲྀࡾᢅ࠺ࠋᚓࡽࢀࡓ⤖ᯝࢆ᭷ຊ࡞ೃ⿵ᮦᩱ࡜ࡉࢀࡿ஧㓟໬ࣂࢼࢪ࣒࢘ࡢ᪥ᑕ཯ᑕ⋡ ᗘ౫Ꮡ
ᛶ࡜ẚ㍑ࡋࡓࠋ 

㸰 ⇕཰ᨭィ⟬ࡢᴫせ
 ᅗ1࡟ィ⟬࡟⏝࠸ࡓᵓ㐀ࢆ♧ࡍࠋィ⟬ᑐ㇟ᵓ㐀ࡣᦤ༡኱Ꮫ1ྕ㤋ᒇୖࡢᵓᡂࢆࡶ࡜࡟Ỵᐃࡋࡓࠋࡲࡓྛ㒊
ࡢ௙ᵝ࣭ ≉ᛶࢆ⾲1࡟♧ࡍࠋࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡣᒇୖ⾲㠃࡟タ⨨ࡍࡿࡶࡢ࡜௬ᐃࡋࡓࠋᒇୖ⾲㠃ࡢ᪥ᑕ
཯ᑕ⋡ࢆኚ໬ࡉࡏࡿࡇ࡜࡛ࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡢ≉ᛶࢆᶍᨃࡍࡿࠋ 
 ᘓ⠏≀⇕཰ᨭࢩ࣑࣮ࣗࣞࢩ࡛ࣙࣥࡣ㠀ᐃᖖ⇕‵Ẽྠ᫬⛣ືゎᯒࣉࣟࢢ࣒ࣛ㸦WUFI㸧ࢆ౑⏝ࡋࡓ(3)ࠋWUFI
ࡣࠊẼ ཬࡧᒇෆࡢ ᗘࡀ᫬㛫ኚ໬ࡍࡿ㠀ᐃᖖ≧ែ࡛ࠊ⇕ὶཬࡧ‵Ẽࡢ⛣ືࢆ⪃៖ࡋ࡚⇕ఏᑟ᪉⛬ᘧࢆ㏲ḟ
ィ⟬ࡋࠊ ᗘཬࡧ⇕ὶࡢ✵㛫ศᕸཬࡧࡑࡢ᫬㛫ኚ໬ࢆゎᯒࡍࡿࠋ
 ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ᚲせ࡞Ẽ ࢹ࣮ࢱࡣࠊᅗ2࡟♧ࡍࡼ࠺࡞ 2013ᖺ2᭶࡜8᭶ࡢࢹ࣮ࢱࢆ౑⏝ࡋࡓࠋ2
᭶ཬࡧ8᭶ࡢ᭶ᖹᆒẼ ࡣࡑࢀࡒࢀ5.6 Υཬࡧ30.0 Υ࡛࠶ࡗࡓࠋィ⟬࡛ࡣᐊෆࡢ ᗘࢆ2᭶ࡣ22 Υࠊ8᭶
ࡣ26 Υ࡟タᐃࡋࡓࠋ 
 ௨ୖࡢ᮲௳ࡢࡶ࡜ࠊ ᗘཬࡧ⇕ὶࡢ᫬㛫ⓗཬࡧ✵㛫ⓗኚ໬ࢆࠊᒇୖ⾲㠃᪥ᑕ཯ᑕ⋡ࢆኚ࠼࡞ࡀࡽࢩ࣑ࣗࣞ
࣮ࢩࣙࣥࡋࡓࠋ᪥ᑕ཯ᑕ⋡Rsolࡣᵓࠊ 㐀⾲㠃ࡢศග཯ᑕ⋡ࢫ࣌ࢡࢺࣝR (λ)ཬࡧኴ㝧ගࡢศගᨺᑕᙉᗘࢫ࣌ࢡ
ࢺࣝȭsol (λ)࠿ࡽ௨ୗࡢᘧ࡛ᐃ⩏ࡉࢀࡿ(2)ࠋࡇࡇ࡛ λࡣගࡢἼ㛗࡛࠶ࡿࠋᘧ(1)࠿ࡽࢃ࠿ࡿࡼ࠺࡟᪥ᑕ཯ᑕ⋡ࡣ
ኴ㝧ග࢚ࢿࣝࢠ࣮ࡢ཯ᑕ⋡࡟┦ᙜࡍࡿࡇ࡜ࡀࢃ࠿ࡿࠋ
ܴ௦௢௟ ൌ
׬ ܴሺߣሻ߶௦௢௟ሺߣሻ݀ߣ
׬ ߶௦௢௟ሺߣሻ݀ߣ
ሺͳሻ 
- 20 -
             


 
 ࣄ࣮ࢺ࢔࢖ࣛࣥࢻᢚไຠᯝࢆㄪ࡭ࡿࡓࡵ࡟ࠊ2᭶㸦෤㸧ཬࡧ8᭶㸦ኟ㸧ࡢᒇୖ⾲㠃 ᗘཬࡧᒇୖ⾲㠃㢧⇕
ὶࢆ᪥ᑕ཯ᑕ⋡ࢆኚ࠼࡞ࡀࡽィ⟬ࡋࡓูࠋ ㏵ᐇ᪋ࡋࡓᐇ㦂࠿ࡽࠊᦤ༡኱Ꮫ1ྕ㤋ᒇୖࡢẼἻࢥࣥࢡ࣮ࣜࢺࡢ
᪥ᑕ཯ᑕ⋡ࡣ⣙25 %ࠊ㧗཯ᑕ⋡ሬᩱࢆሬᕸࡋࡓሙྜࡣ⣙82 %࡛࠶ࡿࡇ࡜ࡀࢃ࠿ࡗ࡚࠾ࡾࠊ᪥ᑕ཯ᑕ⋡ࡣᮦ
ᩱ࡟ࡼࡗ࡚኱ࡁࡃኚ໬ࡍࡿ(4)ࠋࡑࡇ࡛᪥ᑕ཯ᑕ⋡ࢆ10 %࠿ࡽ90 %ࡢᗈ࠸⠊ᅖ࡛ࠊ10 %ࡎࡘኚ࠼࡞ࡀࡽィ⟬
ࢆࡋࡓࠋ 
 ࡉࡽ࡟ࠊ෭ᬮᡣࡢ┬࢚ࢿࣝࢠ࣮ຠᯝࢆㄪ࡭ࡿࡓࡵ࡟ࠊ2᭶㸦෤㸧ཬࡧ8᭶㸦ኟ㸧ࡢኳ஭⾲㠃 ᗘ࡟ࡘ࠸࡚
ࡶྠᵝࡢィ⟬ࢆࡋࡓࠋ 

㸱ィ⟬⤖ᯝ࡜⪃ᐹ
ᒇୖ⾲㠃 ᗘཬࡧ㢧⇕ὶ
 ᮏࣔࢹ࡛ࣝࡣᒇୖ࡟ࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࢆタ⨨ࡍࡿࡇ࡜ࢆ᝿ᐃࡋ࡚࠸ࡿࠋࡑࡇ࡛1ྕ㤋ᒇୖࡢᵓᡂ࡛2
᭶㸦෤㸧ཬࡧ8᭶㸦ኟ㸧ࡢ1࠿᭶㛫ࡢᒇୖ⾲㠃 ᗘࢆࠊ᪥ᑕ཯ᑕ⋡ࢆኚ࠼࡞ࡀࡽィ⟬ࡋࡓ⤖ᯝࢆᅗ3࡟♧ࡍࠋ
ᅗ࡛ࡣྛ᪥ࡢᖹᆒ 㸦್᪥ᖹᆒ㸧ࢆ♧ࡋ࡚࠸ࡿࠋᒇୖ⾲㠃 ᗘࡣẼ ࡟ࡼࡗ࡚ኚ໬ࡍࡿࡀࠊ᪥ᑕ཯ᑕ⋡࡟ࡼࡗ
1 4 7 10 13 16 19 22 25 28 31
0
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ᅗ 1 ᦤ༡኱Ꮫ 1ྕ㤋ᒇୖࡢᵓᡂ ᅗ 2  2013ᖺ 2᭶㸦෤㸧ཬࡧ 8᭶㸦ኟ㸧ࡢẼ  
⾲ 1 ᘓᮦࡢ௙ᵝ࣭≉ᛶ 
 
 ཌࡳ 
(mm) 
ᐦᗘ 
(kg/m3) ✵㝽⋡ 
ẚ⇕ 
(J/kg㺃K) 
⇕ఏᑟ⋡ 
(W/m㺃K) 
ẼἻࢥࣥࢡ࣮ࣜࢺ 80 500 0.77 850 0.12 
XPS㸦᩿⇕ᮦ㸧 35 40 0.95 1500 0.03 
ࢥࣥࢡ࣮ࣜࢺ 
㸦Ỉࢭ࣓ࣥࢺẚ=0.5㸧 142.5 2300 0.18 850 1.6 
✵Ẽᒙ 150 1.3 0.999 1000 0.94 
ᐊෆ▼⭯࣮࣎ࢻ 21.5 850 0.65 850 0.2 
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
࡚ࡶ኱ࡁࡃኚ໬ࡍࡿࡇ࡜ࡀࢃ࠿ࡿࠋ 
 ࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡢ᪥ᑕ཯ᑕ⋡ࡣ ᗘ࡟ࡼࡗ࡚ኚ໬ࡍࡿࠋᚋ࡟㏙࡭ࡿ஧㓟໬ࣂࢼࢪ࣒࢘ࡢࡼ࠺࡟ࠊ཯
ᑕ⋡ࡀ࠶ࡿ ᗘ㸦㜈್ ᗘ㸧ࡼࡾ㧗 ࠶ࡿ࠸ࡣప ࡛኱ࡁࡃኚ໬ࡍࡿᮦᩱࢆ౑⏝ࡍࡿሙྜࠊタ⨨ሙᡤࡢ ᗘ
࡟ᛂࡌ࡚㐺ษ࡞㜈್ ᗘࢆࡶࡘᮦᩱࢆ㑅ᢥࡍࡿᚲせࡀ࠶ࡿࠋ㐺ษ࡞㜈್ ᗘࢆ᳨ウࡍࡿࡓࡵ࡟ᒇୖ⾲㠃 ᗘ
ࡢ᪥ᑕ཯ᑕ⋡౫Ꮡᛶࡢヲ⣽ࢆィ⟬ࡋࡓࠋィ⟬࡛ࡣẼ ࡜ࡋ࡚2᭶ཬࡧ8᭶ࡢ᭶ᖹᆒẼ 㸦ࡑࢀࡒࢀ5.6 Υཬ
ࡧ30.0 Υ㸧ࢆ௬ᐃࡋࡓࠋ⤖ᯝࢆᅗ4࡟♧ࡍࠋᒇୖ⾲㠃 ᗘࡣࠊ2᭶ࡣᴫࡡ6 Υ௨ୗࠊ8᭶ࡣ25 Υ௨ୖ࡛࠶
ࡿࡓࡵࠊ㜈್ ᗘ࡜ࡋ࡚ࡣࡑࡢ୰㛫ࡢ16 Υ⛬ᗘࡀ㐺ษ࡜⪃࠼ࡽࢀࡿࠋ 
 ᅗ 5࡟ᒇୖ⾲㠃࡟ὶධࡍࡿ㢧⇕ὶࡢᒇୖ᪥ᑕ཯ᑕ⋡౫Ꮡᛶࢆ♧ࡍࠋ㈇ࡢ㢧⇕ὶࡣᒇୖ⾲㠃࠿ࡽ኱Ẽ࡬⇕
㔞ࡀᨺฟࡉࢀ࡚࠸ࡿࡇ࡜ࢆ♧ࡍࠋᒇୖ⾲㠃 ᗘࡀእẼ ࡜➼ࡋ࠸࡜ࡁࠊ㢧⇕ὶࡣࢮࣟ࡟࡞ࡗ࡚࠸ࡿࡇ࡜ࢆ☜
ㄆ࡛ࡁࡿࠋ㢧⇕ὶࡢ኱ࡁࡉࡣእẼ ࡜ࡢ ᗘᕪ࡟࡯ࡰẚ౛ࡋ࡚ቑ኱ࡋࡓࠋ 
 ᅗ4࡟♧ࡍࡼ࠺࡟ࠊᒇୖ⾲㠃 ᗘࡣ᪥ᑕ཯ᑕ⋡࡟኱ࡁࡃ౫Ꮡࡍࡿࠋᒇୖ⾲㠃 ᗘࡣ᪥ᑕ཯ᑕ⋡ࡢቑ኱࡜࡜
0 10 20 30 40 50 60 70 80 90 100
0
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-100
-50
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150
ᅗ 4  2᭶㸦෤㸧ཬࡧ 8᭶㸦ኟ㸧ࡢ᭶ᖹᆒᒇ
ୖ⾲㠃 ᗘࡢᒇୖ᪥ᑕ཯ᑕ⋡౫Ꮡᛶ 
 
ᅗ 5  2᭶㸦෤㸧ཬࡧ 8᭶㸦ኟ㸧ࡢ᭶ᖹᆒᒇ
ୖ⾲㠃㢧⇕ὶࡢᒇୖ᪥ᑕ཯ᑕ⋡౫Ꮡᛶ 
 
1 4 7 10 13 16 19 22 25 28 31
0
10
20
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40
10 %  50 %  90 %
ᅗ 3 ᵝࠎ࡞ᒇୖ᪥ᑕ཯ᑕ⋡ࢆ௬ᐃࡋࡓሙྜࡢ 2᭶
㸦෤㸧ཬࡧ 8᭶㸦ኟ㸧ࡢᒇୖ⾲㠃 ᗘࡢィ⟬⤖ᯝ 
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

ࡶ࡟࡯ࡰ⥺ᙧ࡟ῶᑡࡋࠊ8᭶࡛ࡣᒇୖ⾲㠃ᗘࡣ᪥ᑕ཯ᑕ⋡10 %ࡢ࡜ࡁ࡟ẚ࡭ࠊ90 %ࡢ࡜ࡁࡣ10 Υ⛬ᗘపୗ
ࡋ࡚࠸ࡿࠋ2᭶࡛ࡣ᪥ᑕ཯ᑕ⋡10 %ࡢ࡜ࡁ࡟ẚ࡭ࠊ90 %࡛ࡣ5 Υ⛬ᗘపୗࡍࡿࠋ 
 ࡇࡇ࡛≉࡟ኟ㸦8᭶㸧࡟࠾࠸࡚᪥ᑕ཯ᑕ⋡ࡀ⇕཰ᨭཬࡧ኱Ẽ ᗘ࡟ཬࡰࡍᙳ㡪ࢆ⪃ᐹࡍࡿࠋప᪥ᑕ཯ᑕ⋡
ࡢሙྜࠊ౛࠼ࡤࢥࣥࢡ࣮ࣜࢺࡢ25 %ࡢሙྜ࡛ࡣࠊኴ㝧ග࢚ࢿࣝࢠ࣮ࡢ⣙75 %ࡀᒇୖ࡟྾཰ࡉࢀ࡚⇕࡟ኚࢃ
ࡾࠊᒇୖ⾲㠃 ᗘࡀୖ᪼ࡍࡿࠋᅗ4ࡼࡾࠊࡇࡢ࡜ࡁࡢ ᗘୖ᪼ࡣእẼ ࠿ࡽ5 Υᙅࡔࡀࠊᅗ 5࠿ࡽ 1 m2
࠶ࡓࡾ80 W⛬ᗘࡶࡢ⇕㔞ࡀᨺฟࡉࢀ࡚኱Ẽࡢ ᗘࡀୖ᪼ࡋࠊࣄ࣮ࢺ࢔࢖ࣛࣥࢻຠᯝࡀຍ㏿ࡉࢀࡿࠋ᪥ᑕ཯
ᑕ⋡ࡀ70 %௨ୖࡢ㧗཯ᑕ⋡ᮦᩱࢆᒇୖ࡟タ⨨ࡋࡓ࡜ࡁࡣࠊᒇୖ⾲㠃 ᗘࡣእẼ ࡼࡾపࡃ࡞ࡗ࡚࠾ࡾࠊᒇ
ୖ⾲㠃࡟ࡼࡗ࡚኱Ẽ ᗘࡀୖ᪼ࡍࡿࡇ࡜ࡣ࡞࠸ࠋ཯ᑕࡉࢀࡓኴ㝧ගࡣኳ✵࡟ᨺฟࡉࢀࡿࠋ኱Ẽ࡟ࡼࡿኴ㝧ග
ࡢ྾཰ࡣᑠࡉ࠸ࡓࡵࠊ཯ᑕࡉࢀࡓኴ㝧ග࡟ࡼࡿ኱Ẽࡢ ᗘୖ᪼ࡣᑠࡉ࠸ࠋࡇࡢࡼ࠺࡟ᒇୖ᪥ᑕ཯ᑕ⋡ࡀ㧗࠸
࡯࡝ኟࡢࣄ࣮ࢺ࢔࢖ࣛࣥࢻᑐ⟇࡟᭷ຠ࡛࠶ࡿࠋ᪥ᑕ཯ᑕ⋡ࡀ70 %௨ୖ࡛࠶ࢀࡤࠊᒇୖ⾲㠃㢧⇕ὶࡀ㈇࡟࡞
ࡿࡓࡵຠᯝࡀᮇᚅ࡛ࡁࡿࠋ 
 ௨ୖࡼࡾࠊࣄ࣮ࢺ࢔࢖ࣛࣥࢻᑐ⟇ࡢࡓࡵ࡟ࡣࠊࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱ࡜ࡋ࡚ࠊ16 Υ௨ୖ࡛᪥ᑕ཯ᑕ⋡ࡀ
70 %௨ୖ࡟࡞ࡿᮦᩱࡀᮃࡲࢀࡿࠋ 

ኳ஭⾲㠃 ᗘ
 ࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱ࡟ࡼࡿᒇෆ෭ᬮᡣࡢ┬࢚ࢿࣝࢠ࣮ຠᯝࢆㄪ࡭ࡿࡓࡵ࡟ࠊ1ྕ㤋ᒇୖࡢᵓᡂ࡛2᭶
㸦෤㸧ཬࡧ8᭶㸦ኟ㸧ࡢ᭶ᖹᆒኳ஭⾲㠃 ᗘࡢ᪥ᑕ཯ᑕ⋡౫Ꮡᛶࡢィ⟬⤖ᯝࢆᅗ6࡟♧ࡍࠋኳ஭⾲㠃 ᗘࡣ
᪥ᑕ཯ᑕ⋡ࡀ10%࠿ࡽ90%ࡲ࡛ቑ኱ࡍࡿ࡜࡜ࡶ࡟ῶᑡࡍࡿࡀࠊࡑࡢ኱ࡁࡉࡣ2᭶࡛0.5Υࠊ8᭶࡛0.7 Υ⛬
ᗘ࡛࠶ࡗࡓࠋኳ஭⾲㠃 ᗘࡣᒇୖ᪥ᑕ཯ᑕ⋡࡟࠶ࡲࡾ౫Ꮡࡋ࡞࠸ࡇ࡜ࡀࢃ࠿ࡿࠋࡇࢀࡣ௒ᅇࡢィ⟬ࣔࢹ࡛ࣝ
ࡣᒇෆ࡜ᒇእࡢ᩿⇕ࡀⰋዲ࡞ࡓࡵ࡜⪃࠼ࡽࢀࡿࠋࡇࡢࡼ࠺࡞≧ἣ࡛ࡣ┬࢚ࢿࣝࢠ࣮ࡢほⅬ࠿ࡽࡣࢧ࣮ࣔࢡࣟ
࣑ࢵࢡᮦᩱࡣ≉࡟ᚲせ࡛ࡣ࡞࠸ࠋࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡀᚲせ࡜ࡉࢀࡿࡢࡣࠊᑡࡋ࡛ࡶ┬࢚ࢿࣝࢠ࣮ຠᯝࢆ
ᚓࡓ࠸ሙྜࠊ࠶ࡿ࠸ࡣ᩿⇕ࡀ୙༑ศ࡞ᘓ⠏≀ࡢሙྜ࡜⪃࠼ࡽࢀࡿࠋࡇࡢ࡜ࡁࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡢ≉ᛶ࡜
ࡋ࡚ࡣప ᫬㸦ᒇୖ⾲㠃 ᗘ16 Υ௨ୗ㸧ࡢ᪥ᑕ཯ᑕ⋡ࡀ࡛ࡁࡿࡔࡅప࠸ᮦᩱࡀᮃࡲࡋ࠸ࠋ 

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ᅗ 6 ᭶ᖹᆒኳ஭⾲㠃 ᗘࡢᒇୖ᪥ᑕ཯ᑕ⋡౫Ꮡᛶ 
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ࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱ≉ᛶࡢ⪃ᐹ
 ௨ୖࡢ᳨ウ⤖ᯝࢆཧ⪃࡟ࠊࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡢ᪥ᑕ཯ᑕ⋡ࡢ ᗘኚ໬≉ᛶࡢᚲせ᮲௳ࢆࡲ࡜ࡵࡿ࡜ 
 
1. 㜈್ ᗘࡣ16 Υ⛬ᗘ 
2. 㧗 ࡛ࡢ᪥ᑕ཯ᑕ⋡ࡣ70 %௨  ୖ
3. ప ࡛ࡢ᪥ᑕ཯ᑕ⋡ࡣࡼࡾᑠࡉ࠸ࡇ࡜ࡀᮃࡲࡋ࠸ࠋ 
 
  ᗘ࡟ࡼࡾⰍࡀኚ໬ࡍࡿࡼ࠺࡞ࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡣᩘ✀㢮࠶ࡿࡀࠊ࠸ࡎࢀࡶ᭷ᶵ≀࡛⪏ೃᛶࡀప࠸ࠋ 
ᘓ⠏≀࡟㐺⏝࡛ࡁࡿࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱ࡜ࡋ࡚ࠊ஧㓟໬ࣂࢼࢪ࣒࢘VO2ࢆ᳨ウࡍࡿࠋ↓ᶵ≀ࡢࡓࡵ⪏ೃ
ᛶ࡟ඃࢀࡿ࡜ண᝿ࡉࢀࡿࡇ࡜࡜ࠊ㐺ᙜ࡞ ᗘ࡛཯ᑕ⋡ࡸ㏱㐣⋡࡟ኚ໬ࡀ⏕ࡌࡿࡇ࡜ࡀᮇᚅࡉࢀࡿࡓࡵ࡛࠶
ࡿࠋ 
 ஧㓟໬ࣂࢼࢪ࣒࢘ࡣᐊ ࡛ࡣ⤯⦕యⓗᛶ㉁ࢆᣢࡘࠋ ᗘࡀୖ᪼ࡋ࡚㌿⛣ ᗘ௨ୖ࡟࡞ࡿ࡜ࠊ㔠ᒓⓗ࡟࡞ࡿࠋ
㌿⛣ ᗘࡣ⣧⢋࡞༢⤖ᬗ࡛ࡣ64 Υ⛬ᗘ࡛࠶ࡿࠋࣂࢼࢪ࣒࢘ࢆࢱࣥࢢࢫࢸࣥ➼୍࡛㒊ࢆ⨨᥮ࡍࡿࡇ࡜࡛ࠊ㌿
⛣ ᗘࢆ᭱ప -࡛50 ~ -60 Υ⛬ᗘࡲ࡛పୗࡉࡏࡿࡇ࡜ࡀ࡛ࡁࡿࠋVO2ࡣ㌿⛣ ᗘࢆቃ࡟ࠊప ┦ࡢ༢ᩳᬗ࠿ࡽ
㧗 ┦ࡢṇ᪉ᬗࣝࢳࣝᆺᵓ㐀࡬ኚ໬ࡍࡿ࡜࡜ࡶ࡟ࠊ㟁Ꮚ࢚ࢿࣝࢠ࣮ࣂࣥࢻᵓ㐀ࡀኚ໬ࡋࠊ㔠ᒓ-⤯⦕య┦㌿
⛣ࢆ♧ࡍࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࠋ⤯⦕┦࡜㔠ᒓ┦࡜ࡢ┤ὶ㟁Ẽ᢬ᢠࡢẚࡣ105⛬ᗘ࡟࡞ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠾ࡾࠊ
┦㌿⛣࡟ࡼࡾ㟁Ẽⓗᛶ㉁ࡀ኱ࡁࡃኚ໬ࡍࡿࠋ┦㌿⛣࡟క࠺ᵓ㐀ኚ໬࡟ࡼࡾయ✚ࡀ0.044%ࡔࡅࡋ࠿ኚ໬ࡋ࡞
࠸ࠋ㠀ᖖ࡟ᑠࡉ࡞ཎᏊኚ఩ࡢࡓࡵࠊ㔠ᒓ-⤯⦕య┦㌿⛣࡟せࡍࡿ᫬㛫ࡣ10-12 s࣮࢜ࢲ࣮௨ୗ࡜㠀ᖖ࡟㧗㏿࡛
࠶ࡾࠊእẼ ࡸᐊ ࡢኚ໬࡟㏣㝶࡛ࡁࡿ(5)ࠋ 
 ୍⯡࡟⤯⦕య࡛ࡣගࢆ㏱㐣࠶ࡿ࠸ࡣ྾཰ࡋࡸࡍࡃࠊ཯ᑕ⋡ࡣẚ㍑ⓗᑠࡉ࠸ഴྥࡀ࠶ࡿࠋVO2ࡢ㔠ᒓ┦㸦㧗
 ┦㸧࡛ࡣࠊ⮬⏤㟁ᏊࡀᏑᅾࡍࡿࡓࡵ࡟ศග཯ᑕ⋡ࡀቑ኱ࡍࡿࡶࡢ࡜ᮇᚅࡉࢀࡿࠋ࢞ࣛࢫᇶᯈୖࡢཌࡉ
75 nmࡢ஧㓟໬ࣂࢼࢪ࣒࢘ⷧ⭷ࡢ 20ཬࡧ 80Υ࡛ࡢศග཯ᑕ⋡ࢫ࣌ࢡࢺࣝ R(λ)ࡀᩥ⊩(2)࡟ሗ࿌ࡉ
ࢀ࡚࠸ࡿࠋ20ཬࡧ 80Υࡀࡑࢀࡒࢀ⤯⦕┦ཬࡧ㔠ᒓ┦࡟ᑐᛂࡍࡿࠋᩥ⊩(2)ࡢศග཯ᑕ⋡ࢫ࣌ࢡࢺ
ࣝ R(λ)࡜ࠊ኱Ẽࢆ㏱㐣ࡋ࡚ᆅ⾲࡟฿㐩ࡍࡿኴ㝧ගࡢศගᨺᑕᙉᗘࢫ࣌ࢡࢺࣝȭsol (λ)ࢆ⏝࠸ࠊᘧ(1)
࡟ࡼࡗ࡚᪥ᑕ཯ᑕ⋡ࢆồࡵࡓࠋȭsol (λ)࡟ࡣ⡿ᅜᮦᩱヨ㦂༠఍࡟ࡼࡿࢹ࣮ࢱ㸦ASTM G173-03㸧ࢆ⏝
࠸ࡓ(6)ࠋࡇࢀࡣ༡୰᫬࠿ࡘኴ㝧㧗ᗘ37ᗘࡢ࡜ࡁ࡟ほ ࡉࢀࡿኴ㝧ගࡢศගᨺᑕᙉᗘࢫ࣌ࢡࢺ࡛ࣝ࠶
ࡿࠋᐇ㝿࡟ࡣᏘ⠇࡟ࡼࡗ࡚༡୰᫬ࡢኴ㝧㧗ᗘࡣኚ໬ࡍࡿࠋࡇࡢࡓࡵȭsol (λ)ࡣᏘ⠇࡟ࡼࡗ࡚ኚ໬ࡍࡿ
ࡀࠊࡇࡇ࡛ࡣ஧㓟໬ࣂࢼࢪ࣒࢘⭷ࡢ᪥ᑕ཯ᑕ⋡ࡢ ᗘኚ໬࡟ὀ┠ࡋࠊȭsol (λ)ࡣẼ ࠶ࡿ࠸ࡣᏘ⠇࡟ࡼ
ࡽࡎྠ୍ࡢ್ࢆ⏝࠸ࡓࠋྍど࣭⣸እ㡿ᇦ㸦280 ~ 780 nm㸧ࠊ㉥እ㡿ᇦ㸦780 ~ 2440 nm㸧ཬࡧ඲Ἴ㛗
㡿ᇦ㸦280 ~ 2440 nm㸧࡛᪥ᑕ཯ᑕ⋡ᖹᆒ್ࢆồࡵࡓ⤖ᯝࢆ⾲ 2࡟♧ࡍࠋ 
 
 
⾲ 2 ࢞ࣛࢫᇶᯈୖ஧㓟໬ࣂࢼࢪ࣒࢘⭷ࡢ᪥ᑕ཯ᑕ⋡ 
 
 280ࠥ780 nm 780ࠥ2440 nm ඲Ἴ㛗㡿ᇦ 
⤯⦕┦(20Υ) 38 % 36 % 37 % 
㔠ᒓ┦(80Υ) 29 % 29 % 29 % 
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
 ⤯⦕┦࡜㔠ᒓ┦࡜࡛᪥ᑕ཯ᑕ⋡ࡣ 7ࠥ9%ࡢᕪࡋ࠿࡞࠸ࠋண᝿࡟཯ࡋࠊప ࡢ⤯⦕┦ࡢ࡯࠺ࡀ᪥
ᑕ཯ᑕ⋡ࡀ㧗࠸ࠋࡇࡢཎᅉࢆ⪃ᐹࡍࡿࡓࡵ࡟ࠊ20ཬࡧ 80 Υ࡟࠾ࡅࡿᘧ(1)ࡢศᏊࡢ⿕✚ศ㛵ᩘ R (λ)
ȭsol (λ)㸦ศග཯ᑕ⋡࡜ኴ㝧ගᨺᑕᙉᗘࡢ✚㸧ࡢἼ㛗౫Ꮡᛶࢆᅗ7࡟♧ࡍࠋ 
 㧗 ࡢ㔠ᒓ┦࡛ศග཯ᑕ⋡ R (λ)ࡣ⣙ 1500 nm௨ୖࡢἼ㛗࡛ቑ኱ࡋ࡚࠸ࡿࡶࡢࡢࠊࡇࡢἼ㛗㡿ᇦ
ࡢኴ㝧ගࡣᙅࡃȭsol (λ)ࡢ್ࡀᑠࡉ࠸ࠋȭsol (λ)ࡣἼ㛗 1000 nm௨ୗࡢ㡿ᇦ࡟ᙉ࠸ᡂศࢆᣢࡘࡀࠊࡇࡢ
Ἴ㛗㡿ᇦ࡛ࡣ㔠ᒓ┦ࡢ཯ᑕ⋡ࡀప ࡢ⤯⦕┦ࡼࡾࡶᑠࡉࡃ࡞ࡗ࡚࠸ࡿࠋࡇࢀ࡟ࡼࡗ࡚㔠ᒓ┦
㸦80 Υ㸧࡛ࡢ R (λ)ȭsol (λ)ࡀ⤯⦕┦ࡢ್ࡼࡾࡶపୗࡋ࡚࠸ࡿࠋ 
 ௨ୖࡢࡼ࠺࡟ࠊ௒ᅇࡢ᳨ウ࡛ࡣࠊ஧㓟໬ࣂࢼࢪ࣒࢘ⷧ⭷ࡣ᪥ᑕ཯ᑕ⋡ࡢ ᗘ౫ᏑᛶࡢほⅬ࠿ࡽ
ࡣࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱ࡜ࡋ࡚ࡣ୙㐺ᙜ࡛࠶ࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋィ⟬࡟⏝࠸ࡓヨᩱࡣ 75 nm࡜⭷
ཌࡀⷧࡃࠊᇶᯈ࡟ࡼࡿṍࡳ➼࡟ࡼࡾ⭷㉁ࡀపୗࡋ࡚࠸ࡓྍ⬟ᛶࡀ࠶ࡿࠋཌ࠸ࣂࣝࢡ࡟ࡘ࠸᳨࡚ウ
ࡍࡿ࡜࡜ࡶ࡟௚≀㉁ࡢ᥈⣴ࡢᚲせࡀ࠶ࡿࠋ 

㸲ࡲ࡜ࡵ
 ࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡢᘓ⠏≀㐺⏝ྍ⬟ᛶࢆㄪ࡭ࡿࡓࡵᵝࠊ ࠎ࡞ᒇୖ᪥ᑕ཯ᑕ⋡ࢆ௬ᐃࡋ࡚ࠊᒇୖཬࡧኳ
஭⾲㠃 ᗘཬࡧ㢧⇕ὶࢆ⇕཰ᨭィ⟬࡟ᇶ࡙ࡁࢩ࣑࣮ࣗࣞࢩࣙࣥࡋࡓࠋ⤖ᯝ࠿ࡽࣄ࣮ࢺ࢔࢖ࣛࣥࢻᢚไຠᯝཬ
ࡧ┬࢚ࢿࣝࢠ࣮ຠᯝࢆᚓࡿࡢ࡟ᚲせ࡞ࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡢ᪥ᑕ཯ᑕ⋡ࡢ ᗘ≉ᛶࢆ᫂ࡽ࠿࡟ࡋࡓࠋ 
 ᩥ⊩࡛ሗ࿌ࡉࢀ࡚࠸ࡿ஧㓟໬ࣂࢼࢪ࣒࢘ⷧ⭷ࢹ࣮ࢱ࠿ࡽ᪥ᑕ཯ᑕ⋡ࢆィ⟬ࡋࡓ࡜ࡇࢁࠊ㧗 ┦࡛཯ᑕ⋡ࡀ
పୗࡋࠊ⇕⎔ቃᨵၿࡢࡓࡵ࡟ᮇᚅࡉࢀࡿ≉ᛶ࡛࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓࠋ௒ᚋࠊ஧㓟໬ࣂࢼࢪ࣒࢘⭷㉁ࡢ᭱㐺໬
ࡢ᳨ウࢆྵࡵࠊᘓ⠏≀࡟౑⏝ྍ⬟࡞ࢧ࣮ࣔࢡ࣑ࣟࢵࢡᮦᩱࡢ᥈⣴ࡀᚲせ࡛࠶ࡿ୍ࠋ ᪉࡛ࠊᮏ◊✲ࡢࡼ࠺࡟ᮦ
ᩱ≀ᛶ࡟┤᥋ⓗ࡟౫Ꮡࡍࡿᡭἲ࡛࡞ࡃࠊ㐺ᙜ࡞⾲㠃ᵓ㐀ࢆ௜୚ࡍࡿࡇ࡜࡛ኟ࡜෤ࡢኴ㝧㧗ᗘ࡟ᛂࡌ࡚཯ᑕ⋡
ࡀኚ໬ࡍࡿࡼ࠺࡞ᒇୖཬࡧቨ㠃ࡢ᳨ウࡶ㐍ࡵࡿࠋ 
 
ㅰ㎡ 
ᮏ◊✲ࡣ2015ᖺᗘᦤ༡኱Ꮫ⼥ྜ⛉Ꮫ◊✲ᡤ◊✲ㄢ㢟࡜ࡋ࡚㐙⾜ࡉࢀࡓࠋᒇୖ᪥ᑕ཯ᑕ⋡ࡢᐇ㦂⿵ຓཬࡧ
᭷┈࡞㆟ㄽࢆࡋ࡚㡬࠸ࡓᦤ༡኱Ꮫ኱Ꮫ㝔♫఍㛤ⓎᕤᏛᑓᨷ᳃ᒣ◊✲ᐊࡢ୰ᯘಇ႐Ặ࡟ឤㅰ⮴ࡋࡲࡍࠋ 
ᅗ 7 ஧㓟໬ࣂࢼࢪ࣒࢘ⷧ⭷ࡢศග཯ᑕ⋡ R࡜ኴ㝧ගᨺᑕᙉᗘȭsol
ࡢ✚ࡢἼ㛗౫Ꮡᛶ 
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